Proteomic and Ultrastructural Analyses of Human Lipofuscin
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Abstract

Purpose: The progressive accumlation of lipofuscin in the retinal pigment epithelium (RPE), correlates with the
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preparations then insoluble material ith SDS
and subjected to SDS-PAGE, gel bands excised and proteins identified by LC MS/MS. Wester analysis was used to
probe for oxidative protein modifications.
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uscin substanial teral The ehoroform insoluble
lpofuscin fracton of ne comniona) preparauon ponien many cuzzy Coomassie blue stained SDS-PAGE bands,
suggesting post-translational modifications. Western blot analysis confirmed the presence of abundant
carboxyethylpyrrole adducts. Over 160 proteins were identified, ~33% of which exhibited apparent mass aditions.
sentally “pure” lipofuscin granules, free of extra-granular material, were obtained by proteolytic digestion of the
conventional preparation. Boiling the purified granules in SDS has so far failed to yield SDS-PAGE detectable bands.
with Coomassie or silver staining.
Conclusions: Lipofuscin granules appear to be embedded in a protein “matrix” similar in content to drusen. Proteomic
characterization of purified ipofuscin granules is underway.
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Introduction

Lipofuscin is a heterogeneous group of liid/protein aggregates that have a characteristic yellowish-blue-green
fluorescence emission when excited with ultraviolet ight (1). These lipophilic inclusions are located within lysosomal
debris and accumulate with age in a variety of postmitotic cells as non-degradable end products (1, 2). Formation of
lipofuscin in the retinal pigment epithelium (RPE) appears to be closely associated with retinoids and a normally
functioning visual cycle. RPE lipofuscin accumulation also correlates with age-related macular degeneration (3.4)
where its accumulation may represent an active stage in the progression of the disease. We and others have proposed

celular components throughlipid peroxidation may play a fole in ipofuscin formation (1, 2).
Toward determining the molecular mechanisms of lipofuscin formation, we are pursing the identifcation of proteins and
oxidative protein modifications in human RPE lipofuscin. Previous proteomic analyses of ipofuscin have not alowed
distinction between true lipofuscin components and unrelated proteins that simply co-migrate with fluorescence in
sucrose density gradient isolation procedures. Here we report proteomic and utrastructural analyses of three lipofuscin
preparations, which vary i lipofuscin granle purity and in donor age.

Methods

RPE Lipofuscin Sample Preparation. Human eyes were obtained in from UK tissue resources and RPE cels isolated
and kept frozen at ~70°C unti sufficient material was collected for isolation of lipofuscin granules. RPE lipofuscin
preparations were isolated from 60-70 y donors, 50-60 y donors, and 70-90 y donors. Lipofuscin granules were isolated
by mechanical homogenization and dispersed by forcing them through a narfow gauge needle (5) followed by differential
low speed centrifugation to obtain a crude suspension of granules followed by up to three high speed discontinuous
sucrose density gradient centrifugations (2.0~ 0.3M). Isolated granules from the 70-90 y donors were further treated
with proteinase K (10 jig/ul, 24hiroom temperature) in 15 mi N-ethyl morpholine acetate pH 8, 2 mM EDTA, 100 uM
BHT, 0.296 SDS, then washed with buffer without SDS prior to analyses. - Granules were quanified by counting on a
hemocytometer and purity was evaluated by light, fluorescence, confocal, and electron microscopy. All three lipofuscin
2 viv) and the chioroform insoluble material boiled in SDS

prepa
sample buffer and subjected to 10 SDS-PAGE.
Light and Confocal Microscopy. Light microscopy was performed with a Zeiss Axiophot Microscope. For confocal
microscopy (6), lipofuscin preparations were mounted with Vectashield under a coversiip and analyzed using a Leica
laser scanning confocal microscope (TCS-SP2, Leica, Exton, PA). Observation was carried outin the FITC (green),
TRITG (rd) and CyS ar ed)channels. A series of . mm x (en face) secons was colected,Each ndividal vy image
of the granues represents a ojection of (sum of allimages in the stack)
Microssopk panels were composed sing AdcbeP OIS 5.5
Transmission Elctron Microscopy. Lipofuscin preparatonswere pelleed nan eppendor ube, and ixed i a misure

of 2% 2 r. The pellet was washed in the same buffer,
postiaed n 1% 0504, seduentaly cehycrated i nabéres e emboded n Epon. Transmission electron micrographs
were taken on a Tecnai 20, 200 kv digital electron microscope using a Gatan image fitter and digital camera at 3600
diameters (6).
SDS-PAGE and Western Analysis. Lipofuscin preparations were subjected to 10-SDS-PAGE according to Laemmii on
10% gels and stained with colloidal Comassie biue (Pierce Code Blue) for proteomic analyses. Gel slices (~2 mm) were
excised rom he 0p o he battom of e lane, digesed n iy wih typsin,and pepides extacted or LC MSIWS

EP) modifications ted with monoclonal anti-CEP antibody (7).

Protein identification. LC MS/MS was performed with a CapL.C system and a quadrupole time-of-fight mass
spectrometer (QTOF2) (6). Protein idenifications from MS/MS data utiized ProteinLynxTM Global Server (Waters
Corporation) and Mascot (Matrix Science) search engines and the Swiss-Protein and NCBI protein sequence
databases.

Amino Acid Analysis. Lipofuscin granules from human eyes were subjected to vapor phase HCI hydrolysis and

phenylocarbamyl (PTC) amio acd anlyss (8) using Aglent 1100 HPLC system vith atosample. a Gison 116 U
detector and an ABI 1124 o

Figure 1. SDS-PAGE and
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2. Microscopy of L.puruscm 6070y Preparation. Light micrograph with toluidine biue staining (A);
Transmission eecion micrograph (8); Confocal micrographs (C).

This figure shows significant extragranular material in the 60-70 y lipofuscin preparation.
Select proteins identified from this preparation are shown in Table 1. For proteomic
characterization of lipofuscin, this preparation raised the question “What is authentic
lipofuscin — only the granules, or does lipofuscin include the material between the granules?”
We subsequently sought “pure” lipofuscin granules for proteomic analysis

Table 2. Amino Acid Analysis of Human RPE Lipofuscin
50-60y Lipofuscin® 70-90y Lipofuscin”
Average Amount

Average Amount

AR (GmoI£SD)  Mol%£sD VIS wolssisD
Asp 1413425 640012  206:05 430£0.16
Glu 1133417  513£006  309%11 6.45+0.06
Ser 1045434 474015  474%22 989+0.19
aly 2202:08  9.98:004 37510 7.82+0.06
His 351412 159006  65+0.1 137004
Arg 589403 267003  132+09 276012
The 1242436  563:017  175%17 363+0.25
Ala 1582+44  717£022  287%09 598+0.11
Pro 1284418 582007  171%14 358+ 0.40
Ty 2271452  1029:017 35908 750+ 0.26
val 1204+67  586:029  530:42 1104 %065
Met 991444  449:019 11212 232020
lle 1636406  741£007  394:13 822011
Leu 3322412  1505:012 505:12 1053031
Phe 1093+21  495:008  27.9%10 582+0.12
Lys 623435  282+014  422+13 879+0.11
Total 22072144 100 4795+14.0 100
Granules hydrolyzed® 101 x 10° 104 x 10°
Granules/analysis 20.2x10° 7.3x10°
AA 8.1x10" 41x10"

. Lipofuscin from
(PTC) amino acid analysis (1=3)(8)

b.  Lipotuscin from 70-90 year old human eyes was treated with proteinase K prior to vapor phase HCI
hydrolysis and PTC amino acid analysis (n=4)(8)

C. Granules were counted using a hemocytometer.

apor phase HCI hydrolysis
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Figure 3. Microscopy of Lipofuscin: 50-60y Preparation. Transmission electron micrographs of two different sections from the
50-60 y preparation of lipofuscin granules (A, C) and for a single granule (8)

Much less extragranular material is apparent in the 50-60y lipofuscin preparation as compared to that in
Figure 2. Select protein identified from this preparation are shown in Table 2.

Table 3. Proteins Identified in Human RPE Lipofuscin, Chloroform Insoluble Fraction, 50-60y donors.

Protein ID* Accession  Peptides ~ Calc. “ mass Observed ® mass
0. Mat kD) (kD)
Myelin proteolipid protein 1 P60201 6 30 1022,30,40,50,60,72,88,114,130,140,150
Histone H2B.c Q99880 2 14 1522,28,30,3548,60,72,95,114,140
Histone H2B.{ 33778 2 14 152228,30,35,48,60,72,95,114,140
Acid ceramidase precursor Q13510 7 45 15,22,25,28,30,33,34,35,37
Cathepsin D precursor PO7339 10 45 10,22,25,28,30,33,34,150
GTP-binding nuclear protein Ran P62826 1 25 293340,48,60,8095150
Histone Ha P62805 10 11 1522252832140
1g gamma-1 chain C region PO1857 1 36 171922,24,33,60
Myelin basic protein P02686 1 33 1517,19,26,33,140
Rhodopsin P08100 2 39 1517192237
‘Sodium/potassium-transporting ATPase beta-1 chain  P05026 1 3 152630323334
Succinate dehydrogenase P21912 1 32 194850,60,95
Serum albumin precursor P02768 5 69 46485088
Tripeptidyl-peptidase | precursor 014773 1 61 15171922
Green-sensitive opsin P04001 1 41 17,50,140
Nuclear pore complex protein Nupgg Q99567 1 84 151719
Annexin A2 PO7355 2 38 2528
Calnexin precursor P27824 1 67 2425
Hemoglobin beta chain P68871 2 16 1015
1g kappa chain C region PO1834 1 12 1522
Integrin alpha-V precursor P06756 2 17 2224
Lysozyme C precursor P61626 1 17 150
Metalloproteinase inhibitor 3 precursor P35625 1 24 140150
Squamous cell carcinoma antigen 1 Q86W04 8 45 3542
Vav-3 protein QoUKW4 2 98 2228
ASAHL protein QeAS2 7 “ 3
Histone H3 P68431 7 15 17
HSD-33 Q6wsgs 11 % 15
immunoglobulin heavy chain variable region Q6PIAY 2 52 40
Junction plakoglobin P14923 3 81 29
Lysosome membrane protein I Q14108 1 54 3.
NipSnap1 protein QuBPWE 2 3 19
Novel protein similar to histone 2 QSTEC6 15 15 15
Plakoglot 51

Q51! 3 82 20
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Table 4: Proteins Identified in Human RPE Lipofuscin, Chloroform Insoluble Fraction, 70-90y donors
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‘2. Proteis were identied from by LG MSIMS from SDS-PAGE fractionaled coroform insoluble Ipofuscin from 70-90y donors after proteinase K (reatment.
About 50% at the proteins identified are shown (27 of 54 total). Apparent mass additions are suggestive of posttranslational
modifications, including oxidative protein modifications and cross-links.

b. Swiss-Protein database accession numbers are shown in plain font

c.Based on protein sequence

d.SDS-PAGE observed mass.

Figure 4. Microscopy of Lipofuscin: 70-90 y Preparation after Proteinase K Digestion. Lipofuscin was subjected to proteinase K
digestion as described in Methods. Transmission electron micrographs are shown: before proteolysis (4) and after proteolysis (8,C).
Confocal micrographs are shown (D) after proteolysis.

No extragranular material is apparent in the 70-90 y lipofuscin preparation after proteinase K treatment. Select
proteins identified from this preparation are shown in Table 3.

Conclusions

Q The 172 proteins identified from the 60-70 y RPE lipofuscin preparation reflect the combined
composition of lipofuscin granules and the substantial extra-granular material. Many of these
proteins exhibited substantial apparent mass additions, fuzzy Coomassie blue stained SDS-
PAGE bands and appear to be modified. Western analysis of this preparation demonstrated
the presence of carboxyethyl pyrrole modifications, which are derived from oxidative
fragmentation of docosahexaenoate-containing lipids. Similar results have been reported for
proteins in drusen.

Q Proteinase K treatment of the 70-90 y lipofuscin preparation yielded essentially “pure”
lipofuscin granules, free of extra-granular material. Proteomic analysis of this preparation
identified fewer proteins (54 total) due to smaller available amounts however, many of these
proteins also exhibited apparent mass additions st ing substantial modificati Notably,
this lipofuscin preparation appears to contain more crystallin than preparations from younger
donors. Crystallin also appears to be more abundant in AMD drusen than drusen from normal
donors.

Q Preliminary amino acid analysis and protein identification results obtained from the 50-60 y
and the 70-90 y lipofuscin samples suggest that the protein content of lipofuscin granules is
different across age groups.



